Raman experiments on bulk FeSe revealed that the low-frequency part of B1g Raman response RB1g(Ω), which probes nematic fluctuations, rapidly decreases below the nematic transition at Tn ∼ 85K. Such behavior is usually associated with the gap opening and at a first glance is inconsistent with the fact that FeSe remains a metal below Tn, with sizable hole and electron pockets. We argue that the drop of RB1g(Ω) in a nematic metal comes about because the nematic order drastically changes the orbital content of the pockets and makes them nearly mono-orbital. In this situation B1g Raman response gets reduced by the same vertex corrections that enforce charge conservation. The reduction holds at low frequencies and gives rise to gap-like behavior of RB1g(Ω), in full agreement with the experimental data.
Introduction. Bulk Fe-chalcogenide FeSe has recently attracted a lot of attention due to a peculiar property, not seen in other Fe-based superconductors -the emergence of a nematic order (a spontaneous breaking of C 4 lattice symmetry down to C 2 ) below T n ∼ 85 K, without antiferromagnetism nearby [1] [2] [3] [4] . Extensive STM and ARPES studies [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] revealed a sizeable deformation of hole and electron Fermi surfaces (FSs) below T n , which are well reproduced by introducing an electronic orbital splitting [8, 11, [19] [20] [21] .
A remarkable indication of the electronic nature of the nematic transition in FeSe has been provided by Raman measurements [22] [23] [24] [25] . In a metal, the Raman response probes density-like fluctuations at a finite frequency Ω and vanishing momenta q, modulated by a form factor, which depends on relative polarizations of the incoming and outgoing light and transforms according to the point-group representation of the crystal [26] . When the Raman factor reduces to a constant as, e.g., in a fully symmetric channel in a single-band system, the Raman response is proportional to the density correlator and vanishes at q = 0 and finite Ω, because fermionic density is a conserved quantity [4, [27] [28] [29] [30] [31] [32] [33] [34] . The response that probes electronic nematic correlations is in the non-symmetric B 1g scattering channel [35] , and a generic belief is that it is finite in a metal, because no conservation law applies [4, [29] [30] [31] [32] . Above the nematic transition, the measured profile of the Raman intensity R B1g (Ω) at small frequencies is well approximated by R B1g (Ω) ∝ Im[χ B1g (Ω)/(1 − U χ B1g (Ω)], where U is the attractive interaction in the d−wave particle-hole channel, and the B 1g Raman susceptibility has a conventional relaxation form [4, 29, 36] χ B1g (Ω) = χ B1g (q = 0, Ω) ∝ 2iγ/(Ω+2iγ), where the scattering rate γ is either due to impurities [4] or to electron-electron interaction [31, 32] . This yields
where U cr is the value of U at which the system develops a nematic order. As U approaches U cr , the peak width narrows as 1 − U/U cr and the intensity of the peak increases as 1/(1 − U/U cr ). Both results agree with the data, which show that the peak in R B1g (Ω) narrows and moves to a lower energy as T approaches T n . However, this agreement holds only at T above the nematic transition. Below T n , the data show that R B1g (Ω) rapidly drops at Ω 200 cm −1 . Such behavior is expected when quasiparticles acquire a finite gap (e.g., when superconductivity develops [33, 34] ). However, FeSe remains a metal in the nematic phase, with deformed, but still sizable hole and electron pockets. We show below that the Fermi-surface deformation has little effect on the behavior of R B1g (Ω) at small frequencies. We argue that the origin of the gap-like behavior of R B1g (Ω) is the change of the orbital composition of the pockets below T n .
The outline of our reasoning is as follows. In the tetragonal phase, FeSe has two nearly circular hole pockets at the zone center Γ and two electron pockets at M = (π, π) (in the 2Fe Brillouin-zone notation), split by spin-orbit coupling into inner and outer pockets [37] . The hole and the inner electron pocket are constructed out of d xz and d yz orbitals, and the outer electron pocket has predominantly d xy character. The B 1g Raman vertex is Γ B1g = d † xz d xz − d † yz d yz , where d † , d are creation and annihilation operators for the corresponding orbitals [4, 23, 38] . In the band basis, Γ B1g is then highly sensitive to the orbital composition of the pockets. In the tetragonal phase Γ B1g has pure d-wave symmetry, e.g., near the outer hole pocket it is d † h d h cos 2θ, where d † h , d h are band operators and θ is the angle along the pocket. The nematic order parameter ∆ breaks C 4 symmetry between the orbital occupations and induces an additional term ∆ h (d † xz d xz −d † yz d yz ) in the Hamiltonian [39] . When this order develops, it not only elongates hole and inner electron pockets in the directions set by the signs of ∆ at Γ and at M (Refs. [8, 11, [19] [20] [21] 40] changes the orbital content of the pockets. In FeSe, the pockets are small, and the orbital content changes quite drastically. Calculations [8, [19] [20] [21] and polarized ARPES data [14, 16] show that deep inside the nematic phase the outer hole pocket becomes predominantly d xz electron pocket becomes predominantly d yz , or vice versa. This in turn affects Γ B1g , which develops an angle-independent component, proportional to the nematic order parameter. When the Fermi pockets become nearly monoorbital, this component becomes the dominant one and B 1g Raman susceptibility becomes almost identical to the susceptibility in the density channel. The latter, we remind, vanishes at q = 0 and finite Ω by charge conservation [31] [32] [33] [34] . Accordingly, the B 1g Raman intensity should also get strongly reduced. This holds at Ω ≤ 2 − 3∆. At larger Ω the electronic excitations recover the same orbital character of the tetragonal phase and R B1g (Ω) rapidly increases. At the computational level, the reduction of R B1g (Ω) is associated with the effect of vertex corrections, which must be included along with the fermionic damping iγ, once the Raman vertex acquires an s-wave component [41] . The damping rate itself does not change much by nematic order, again because the system remains a metal. The exact form of the reduced R B1g (Ω) at small frequencies depends on the details of fermionic dispersion, as we will show below. However, the reduction of the Raman response in the B 1g channel in the nematic phase due to the change of the orbital composition of the pockets is a rather general and robust result. Below we discuss in detail the contribution to R B1g (Ω) from the hole pockets at Γ. The contribution to R B1g (Ω) from the electron pockets is analyzed along the same lines.
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Orbital composition of the hole pocket. The lowenergy states near the hole pockets are described by the effective Hamiltonian [42] 
are hopping integrals in momentum space ( 0 includes the static self-energy that accounts for the shrinking of the hole pockets [8, 21, 43] ), ∆ h = ∆ h (T ) is the magnitude of the nematic order, which we set to be positive, and η is the spin-orbit (LS) coupling. The nematic order can originate from a d−wave Pomeranchuk instability [30, 40, 44] or from composite spin fluctuations [8, 43, 45] . For our purposes, the microscopic origin of the nematic order parameter is not important, and in the following we will just compare the Raman response in the presence and in the absence of ∆ h . To simplify the presentation, in analytical formulas below we set b = c > 0, in which case the pocket in the tetragonal phase is circular. For numerical calculations we choose the hopping parameters to best match the data on FeSe.
The transformation from the orbital to the band basis is described by the unitary matrix with components
and θ is the angle along the hole pocket. At η = ∆ h = 0, two hole bands necessary cross the Fermi level and form the inner and the outer hole pockets. When η or ∆ h (or both) are non-zero, the inner pocket gets smaller and may sink below the Fermi level. In FeSe, only the outer hole pocket has been detected in the nematic state, and in analytical treatment we focus on the corresponding band, i.e., approximate the Hamiltonian in the band ba-
The weight of d xz and d yz orbitals is given by |v k | 2 = (1 − cos 2θ k )/2 and u 2 k = (1 + cos 2θ k )/2, respectively. In the tetragonal phase cos 2θ k ∝ cos 2θ, and d xz and d yz orbitals equally contribute to band excitations. In the nematic phase, the weight depends on the ratio λ = ∆ h /(bk 2 ). When λ is small, the two orbitals still contribute nearly equally. However, when λ 1, cos 2θ k ≈ −1, independent on θ. In this limit, the hole pocket is made almost entirely of d xz orbitals. In FeSe, its value at the Fermi level,
, is larger than in other Fe-based superconductors because E F ≤ 10meV is smaller. Recent polarized ARPES study did find [14, 16] that the weight of the d xz is over 80% along the hole pocket.
The Raman response in the nematic phase. 
where χ B1g (Ω) = χ B1g (q = 0, Ω) is the fully dressed particlehole susceptibility with Raman side vertices cos 2θ k , and U is the attractive interaction in the d−wave particlehole channel. The diagrams for the Raman susceptibility are presented in Fig. 1 under the simplifying assumption that the scattering rate γ is angle-independent. The dressed bubble is χ B1g (Ω) = χ se B1g (Ω) + χ v B1g (Ω), where χ se B1g (Ω) ∝ 2iγ/(Ω + 2iγ) is the particle-hole bubble made of fermions with damping rate γ, and χ v B1g (Ω) accounts for vertex corrections. In the tetragonal phase, cos 2θ k ∝ cos 2θ. One can easily verify that vertex corrections due to impurity scattering vanish becausȩ dθ cos 2θ k = 0. Then χ B1g (Ω) = χ se B1g (Ω). This yields R B1g (Ω) as in Eq. (1). In the nematic phase, R B1g (Ω) changes because the pocket becomes elliptical and because the orbital content of hole excitations changes. We verified (see Fig. 2a ) that the change of the pocket shape from circular to elliptical only weakly affects the Raman intensity. The second effect, however, strongly reduces the B 1g Raman bubble. To understand this, we note from Eq. 
where N F is the density of states at the Fermi level. Adding up the two terms we find that the s-wave contribution cancels out, as expected since for a constant Γ s form factor the Raman susceptibility is proportional to ordinary density (charge) susceptibility, and the latter vanishes at q = 0 and finite Ω because of charge conservation.
The rest yields
The result can be straightforwardly extended to the case when the damping rate has both s−wave and d−wave components, γ s and γ d . In this situation, we find that that Eq. (5) holds, but γ = γ s − γ d . We see that the full Raman R B1g (Ω) in the nematic phase retains the same functional form as in Eq. (1), but the overall factor and U are multiplied by Γ 2 d . At large λ F , when the Fermi hole pocket becomes almost entirely d xz , Γ s ≈ −1 and Γ d ∼ 1/λ F is small. Then R B1g (Ω) is strongly reduced. The drop of R B1g (Ω) was phenomenologically attributed in [47] to the reduction in the damping rate. In our theory, γ does not change, and the reduction is due to the small factor Γ 2 d . The reduction holds only at small frequencies. At larger Ω, typical fermionic momenta k get larger, λ = ∆ h /(bk 2 ) gets smaller, and Γ d,k increases. The Raman intensity R B1g (Ω) increases as well and eventually recovers its value in the tetragonal phase (see Fig. 3 ). Note in passing that long-range Coulomb interaction does not affect R B1g (Ω) by the same reasons as outlined in Refs. [33, 34] -the "mixed" bubble with B 1g Raman vertex on one side and a constant (s−wave) vertex on the other, vanishes due to vertex corrections, even when both Γ s and Γ d are non-zero.
Numerical calculations. To set up a more realistic comparison with the experimental data we computed the Raman susceptibility χ B1g in the tetragonal and nematic phases numericaly[46], using parameters appropriate to reproduce the band dispersion of FeSe, as measured by ARPES. For χ se B1g , we found that the contribution to R B1g (Ω) from the outer hole pocket (left panel in Fig.  2) agrees well with the analytical result, Eq. (1), over all the relevant frequency range, despite the fact that Eq. (1) has been obtained by expanding near the Fermi surface [46] . To obtain the full χ se B1g , one should also include interband contribution from particle-hole excitations between the two hole bands. We show the results in Fig. 2b . Because the inner hole pocket sinks below the Fermi level, the inter-band contribution is small at low frequencies. The difference between R B1g (Ω) in the tetragonal and the nematic phases in this figure is due to nematicity-induced modification of the dispersions of the two bands. We see that the change of R B1g (Ω) is marginal: the intraband contribution gets slightly enhanced below T n , and the interband one gets reduced and shifts to larger frequencies. The situation changes drastically when we include vertex corrections. The most significant change is for the intraband contribution, and we focus on this term. To obtain the intraband contribution to R B1g (Ω) in the full frequency range, we kept the dependence of cos 2θ k on the momenta k, and did not restrict to k ≈ k F . Then Γ s and Γ d become functions of frequency, and Eq. (4) gets modified to
With vertex corrections
where N (Ω) =´d θkdk (2π) 2 δ(Ω − E k ) is the frequencydependent density of states. The Raman response R B1g (Ω) is given by Eq.(5) with Γ d = Γ d (Ω). We recall that deep in the nematic phase, we have at small frequencies Γ s (Ω) ≈ −1 and Γ d (Ω) ≈ 0, This should lead to a near-complete suppression of R B1g (Ω) (see Eq. (5)).
As Ω increases, the relevant k increase, and the s-wave component of cos 2θ k gets smaller. At large k (high frequencies), bk 2 ∆ h , and for a generic θ one recovers cos 2θ k ∝ cos 2θ. Then the Raman response should become the same as in the tetragonal phase. We show the result for R B1g (Ω) in Fig. 3 . We used the mean-field temperature dependence of ∆ h = ∆ h (T ), which is in good agreement with the temperature evolution of the band dispersion below T n [8] . We see the behavior which we just outlined. Namely, at small Ω the intraband Raman response progressively develops a gap-like behavior as T is lowered below T n . At larger frequencies, R B1g (Ω) rapidly increases and becomes the same as in the tetragonal phase. This behavior is in full agreement with the experimental data in [22, 24] .
Summary and Discussion. In this work we have shown that the observed gap-like behavior of the B 1g Raman response in FeSe in a nematic metal is a direct consequence of the change of orbital composition of the pockets, which become nearly mono-orbital at T T n . The change in the orbital content of the pockets induces the angleindependent component of the B 1g Raman form-factor at the expense of the original cos 2θ component. The Raman intensity R B1g (Ω) contains only the non-symmetric d-wave part of the form-factor. When pockets become nearly mono-orbital, the d-wave component of the formfactor gets strongly reduced at Ω ≤ 2 − 3∆ h , and the B 1g Raman intensity drops.
To put our results in a broader context, we note that so far the orbital reconstruction of fermionic excitations in FeSe due to nematicity has been proven only by means of polarized ARPES measurements [14, 16] , which are sensitive to the surface. Our work shows that the Raman spectroscopy, which is a bulk probe, shows evidence of the same effect. Namely, the suppression of the Raman response at T below T n necessarily implies a strong mixing between d-wave and s-wave channels, and we argue that the mixing is the consequence of the change of the orbital composition of fermionic excitations. In this respect, our findings are inconsistent with the scenario of orbital-dependent spectral weights, put forward in Refs. [11, 19, [48] [49] [50] . Within that scenario, the orbital weights u 2 k and |v k | 2 would be further rescaled by Z. This rescaling would act against the reduction of the yz spectral weight on the outer hole pocket and prevent this pocket from becoming mono-orbital. Then the Raman form-factor would retain its d-wave form, and the Raman response would remain largely the same in the nematic phase, in disagreement with the data.
The reduction of R B1g (Ω) at T < T n due to orbital transmutation is quite generic and should hold for any system undergoing a nematic transition. However, the strength of the transmutation and associated drop of R B1g (Ω) in the nematic phase depends on details of the band structure. It would be highly desirable to analyze this scenario for other iron-based systems.
We are thankful to B. Andersen, A. Bohmer, G. Blum- 
SUPPLEMENTARY INFORMATION

I. BAND STRUCTURE AND ORBITAL WEIGHTS
According to Eq. (2) in the main text the low-energy electronic structure of FeSe around the Γ point can be described by the following approximated HamiltonianĤ in the orbital spacê
where the h i components explicitly read
η is the spin-orbit (SO) interaction and ∆ h the nematic order parameter at the Γ point. By a straightforward diagonalization of the Hamiltonian (8), one recovers the eigenvalues
defining the band dispersion of the inner/outer hole pocket. In Table I we report the set of band parameters used to better reproduce the experimental measurements. We introduce a ≡ 1/(2m) and set b = c, meaning that the pockets are assumed to be circular in the tetragonal phase. The nematic order parameter is assumed to be temperaturedependent below T n is a mean-field fashion. For practical purposes we use the approximated analytical expression ∆ h = ∆ h,0 (1 − x 4 /3) √ 1 − x 4 , with x = T /T n . The value of 0 changes when the magnitude of the nematic order increases in such a way that the top of the outer pocket is kept approximately fixed at ∼ 9, 10 meV. This is consistent with the analysis of Ref. [8] , considering that 0 includes already the temperature-dependent isotropic self-energy correction due to spin fluctuations, responsible for the shrinking of the hole pockets both in the tetragonal and nematic phase. This effect, along with the splitting of the two pockets at the zone center due to SO interaction, is responsible for the fact that the inner hole pocket sinks below the Fermi level already in the tetragonal phase.
The full Hamiltonian in the band basis reads k,i E i k d † i,k d i,k , where i = +/− denotes the outer/inner pocket, and the band operators can be written in terms of the orbital operators as
with orbital weights (u k , v k ) explicitly given by
Notice that u 2 k + |v k | 2 = 1 as usual, so that |v
For the sake of compactness, we thus define u 2 k ≡ cos 2θ k and |v k | 2 ≡ sin 2θ k . As a fingerprint of C 4 symmetry, in the tetragonal phase (∆ h = 0) and in absence of SO coupling (η = 0), one immediately finds that u 2 k = cos 2 θ and |v k | 2 = sin 2 θ, being θ the angle along the pockets, such that k x = k cos θ, k y = k sin θ. On the contrary, when λ = ∆ h /(bk 2 ) 1 deep inside the nematic phase, one notices that u 2 k 0 and |v k | 2 1 regardless of θ, meaning that in this limit the orbital character becomes almost entirely d xz in the outer pocket and d yz in the inner one (see Fig. 4a ). When SO interaction is included, the two orbital characters get mixed, the transition to the mono-orbital configuration in the nematic phase is smoothened but the effect is still robust, as long as λ is large enough (see Fig. 4b-c) . Figure 4 . Orbital content of the Γ pocket as a function of θ in the tetragonal (dashed lines) and in the nematic phase (solid lines). Red lines refer to |v k | 2 , green lines to u 2 k .
II. COMPUTING THE FULL B1g RAMAN RESPONSE
As it is well known [51] , the Raman response can be related to a density-like correlation function, where the density operator is weighted with a momentum-dependent factor which accounts for the incoming/outgoing light polarization. Starting from the orbital model (8), the B 1g Raman vertex can then be defined as Γ B1g ≡ [∂H/∂k 2 x − ∂H/∂k 2 y ]. By using the explicit expressions for the h i (k) functions one then finds thatΓ B1g ∝τ 3 in the orbital basis. Using then Eq. (11), the B 1g Raman density can be rewritten in the band basis as
showing that the Raman density operator in the B 1g channel has both an intraband and an interband component. In particular, one can define
so that |Γ inter B1g | 2 ∝ 1 − cos 2 2θ k ≡ sin 2 2θ k . The full B 1g Raman response is associated with the imaginary part of the density-density correlation function with two Raman vertices, evaluated in the long-wavelength limit (q = 0), i.e.
where
where G ± (k, ω) ≡ [ω − E ±,k + iγsng(ω)] −1 is the T = 0 electronic Green's function and γ > 0 is the scattering rate due to impurities. The tendency towards nematic instability can be explained by adding a finite attraction U acting in the intraband sector only. As a consequence, the full B 1g Raman response reads:
The results for R B1g are shown in Fig. 2 of the main manuscript. As already discussed there, one finds that at small frequencies the interband component is not relevant and the intraband contribution associated with particle-hole excitations in the inner pocket is strongly sub-leading compered to the outer pocket one. Therefore, let us focus on the (outer pocket) intraband component only. The integrals over frequency in Eq.s (16)-(17) can be solved analytically in a straightforward way, while the integration in the momentum space is performed numerically. More specifically, for the intraband part we have
In the tetragonal phase (∆ h = 0) and in absence of SO interaction (η = 0), the band dispersion is parabolic and angle independent, i.e. E +,k = 0 − k 2 /(2m) + bk 2 = 0 − k 2 /(2m * ). In addition since cos 2θ k ≡ u 2 k − |v k | 2 = cos 2 θ − sin 2 θ = cos 2θ the intraband Raman tensor depends only on the angle. In this situation the angle and momentum integration in Eq. (20) are decoupled, and the Raman polarization factor gives simply a constant pre-factor when integrated over θ. The integration over momenta can also be performed analitically, and the final results depends in general on 0 /Ω and 0 /γ. In the limit when both ratios are much larger than 1, so that finite-band effects are negligible and the Fermi energy is the largest energy scale in the problem, one recovers the well-known analytical result mentioned in the main text, i.e.
This can be seen by rewriting the first term in Eq. (16) (up to constant prefactors) as
where G A + /G B + denote the advanced/retarded Green's functions respectively (i.e. sng(ω ±Ω/2) = −/+). By performing the integration over frequency fist, explicit analytical calculations lead to
In the case of FeSe the Fermi level is rather small, and in addition the presence of SO interaction leads to deviation from a pure parabolic behvaior already in the tetragonal phase. Nonetheless, the direct comparison between the numerical solution of Eq. (20) at T > T n and Eq. (21) shows that, despite some quantitative deviation, the qualitative behavior of the Raman bubble pretty much follows the analytical expression. For this reason, while computing the vertex corrections we will rely on the infinite-bandwidth limit for χ intra B1g , that allows one for an analytical solution of the self-consistent vertex equation.
III. VERTEX CORRECTIONS IN THE LADDER APPROXIMATION
To understand the role of vertex corrections, let us focus now on the density-density response χ(q = 0, ω) for a single-band model. In a perfect metal, the simultaneous conservation of energy and momentum implies that intraband particle-hole excitations at zero external momentum transfer (q = 0) are not permitted. However, in the presence of impurities and/or interactions the electronic energy levels get broader in a range of order γ, allowing for a nonzero χ(ω) at energies lower than ∼ 2γ, see Eq. (21) . As discussed in the previous Section, this result has been obtained by including self-energy effects in the electronic Green's functions G. Indeed, in the presence of impurities the scattering rate γ introduced in the Green's function is given by the imaginary part of the self-energy at zero frequency computed in the Born approximation [? ] , so that it is explicitly given by
where n i is the concentration of impurities, N F the electron density at the Fermi level and V 0 the scattering potential, assumed to be momentum and angular-independent for simplicity. As a consequence, including self-energy corrections Table S1 at T ≥ Tn and by fixing the electron broadening at γ 6 meV.
one obtains for the density-density correlation function χ(ω) the same result as Eq. (21) above, i.e.
where we used the same decompositon in R/A components introduced in Eq.s (23)-(24) above. However, it is evident that Eq. (26) cannot be the final response, since charge conservation implies that χ(ω) = 0 at any finite frequency. The reason is very simple: the density-density correlation function at q = 0 at finite frequency represents the response to a uniform potential. Due to charge conservation, changing the charge density in one place can only be done by redistributing it, but this cannot be achieved with a uniform potential. As a consequence χ(q = 0, ω) = 0 must vanish identically. To recover this result, one has to include, along with the self-energy corrections (26) , the vertex corrections due to disorder, by summing up the series of particle-hole bubbles with increasing number of scattering events linking the Green's functions at opposite sides of the bubble, i.e. the so-called ladder diagrams, whose resummation gives
The full density response is then given by
As shown e.g. in Ref. [41] , the relevant vertex corrections act on the RA component of the fermionic bubble. In particular, since in the infinite-bandwidth approximation
and the range of frequency integration for χ v RA in Eq. (27) is between −Ø/2 and Ø/2, we get that
By adding this term to Eq. (26) we see that χ se + χ v = 0, restoring gauge invariance as expected.
Let us see now how this result is relevant for our problem. In the spirit of Eq. (21), for the sake of analytical calculations one can model the intraband part of the B 1g Raman response as
where the se superscript is used to remember that this is the result obtained adding only self-energy effects induced by the presence of impurities. The dependence on the Raman polarization has been factorized out, and included in the prefactor
with N (Ω) =´d θkdk (2π) 2 δ(Ω − E k (θ)). As we discussed in the main text and in Sec. S1 above, the orbital composition of the pocket in the nematic phase, and consequently the angular dependence of Γ B1g , is strongly influenced by the ratio λ = ∆ h /(bk 2 ): when λ < 1 the two orbitals equally contribute to band excitations, i.e. u 2 k ∼ cos 2 θ, |v k | 2 ∼ sin 2 θ and the Raman vertex is essentially d−wave symmetric (cos 2θ k ∝ cos 2θ), like in the tetragonal phase; when instead λ 1, the pocket is almost entirely d xz , u 2 k 0, |v k | 2 1 and the Raman vertex develops an angle-independent (s−wave) component, i.e. cos 2θ k ≈ −1. Therefore, one can conveniently write cos 2θ k = Γ s,k + Γ d,k cos 2θ, so that Γ 2
B1g can be explicitly decomposed in the d−wave and the s−wave component 
By transforming again the momentum integration in the angular average times the energy integration one easily sees that only the Γ s term survives in the vertex part, since Γ d = 0. As a consequence, since Γ s 2 = Γ 2 s the vertex corrections read in this case
which means that vertex corrections are not relevant when the Raman vertex is purely d−wave symmetric, i.e. in the tetragonal phase and in the nematic phase when λ is small. By summing Eq. 
To obtain the Γ s component we have to compute the angular average of the Raman vertex, as detailed in Eq. (7) of the main manuscript:
The Γ 2 d component is instead obtained as the difference between the average of the Raman vertex squared and its mean value (37) . As a consequence, the full result (36) can also be written as: 
